Using GLM Sub Flash Properties to Assess Convective

Importance of Flash Area and Total Optical Energy Thundersnow
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Lightningis a broadband emitter that is detectable acrossmultiple " P 5 !
frequencies Oneof the challengesn usinglightninga ¥ { | ardita@ € () 10711 -
there are different definitionsfor aflash,whichare entirely dependent = :

uponthe instrumentmakingthe measurement
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However, GLM providestwo metrics which provide insight into the 10‘”‘%

kinematicstate of the parentcloud producingthe lightning Theseare . 4 o _
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Bruningand MacGorman(2013 right) providestheoretical basisfor 107" 1000 2000 3000 4000 5000 6000

the useof flashareaand flashenergyin assessingonvectivestate. In GLM Flash Area (km?)

: : ne Relationship between GLM flash energy and flash #8&se are GLM flashes with Merged
areas Where there are Weaker updrafts, Iarger ﬂaSheS with more Snowfall Rate values between 0 and 700, arahge represents TSSN flashes observed by GLM

energy are generally found. Where there are strong, turbulent N _ with aNESDIS Merged Snowfall Regeint of 700 omreater.
updrafts(e.g., supercell) smallerlessenergeticflashesare observed ' A

Polar plot of frequency of snowfall rates greater
FIG. 1. Twoidealized charge structures showing (a) extensive, than 4.44 cm hl (1.75 in h-l) for all TSSNlashes

The purposeof this posteris to demonstratehow this flash areaand mgespniailystognts ehaxge gn (byremsller packets. oriblots observedby GLM Theflashlocationis at the origin

of charge. Dark gray blobs or regions are positive charge, while :
of the polar plot. The heaviestsnowfall rates are

energy relationship spansmultiple convectiveregimesand can help lighter gray is negative charge. Dashed gray lines indicate re-

gions of large electric field where breakdown might begin. Solid located 10s of km downstream from the flashW

I I I I black lines indicate where leaders would develop and prop- oriaination point. This supports previous research _ o _
the fO recaSter asseSSthe klnematlc State Of the CIOUd to ald In agate toward the center of the charge regions after initial thaq[ the Iigrl?tning is Iocateglrc))utsige of the greatest Differentiation of GLM flasheswith regardsto flash a) areaq, b)

operationaldecisionmaking VISR surface snowfall rates Main reason for the ,_ energy,and c) duration basedon NLDNmatchup characteristics

displacementis that lightning is generated at 3-6 & . = Thereis atotal of 1,081 GLMflashesdid not correspondwith any

km, which meansit takes at leastan hour for that NLDNdata while the remaining 1,095 GLMflashescorresponded

snowfallto makeit to the surface with NLDNdata. The 1,095 GLMflashessubcategorizedas IGonly
(N=356), Tower(N=152) and Non-tower (N=587) initiated.
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Severe Convection Volcanic Plumes

Pre updraft intensification Andrews et al. 2020, Scientific Reports, accepted, pending revision
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O Thndesomiighin Figure 3. A comparisonof GLM flash

e o width (km) vs. flash energy(fJ) duringthe

S 3 June 2018 Fuego eruption, where the

blue symbols indicate volcanic lightning

and the yellow symbols indicate a

thunderstornocatedto the Northwestof
thevolcana

Reflectivity at 6000 m from DD at 1720 UTC
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Updraft, flash size and flash rate relationshipsdevelopedusing lightning mapping L .
arrayscan plausiblybe extendedto GLM Smallerlower energyflashesare located

nearupdraft regionsarger,higherenergyflashesare in stratiform/anvil regions |

--Conradet al. 2020, JGRaccepted pendingrevision Eﬁ#rj\l (fé d)ﬁ]ﬁg”ugéﬁlﬁg)witﬁ?f

a 30 km radiusof the Fuegovent
The first vertical, green line
represents the start of the
explosive eruption, the second
Flosh Extent Density (Floshes km™) line shows the interpreted
o initiation of column collapse,
and/ortheonsebf thelargePDC
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North distonce ?r?)m ARMOR (km) % Flgure 1. (a.) GOES Channel 1 (0-47
o e e ( ) micron) reflectancewith GLM lightning
data overlaid (blue < 30 km from vent,

: orange > 30 km from vent) Lower
Usingtotal energyalone maynot be a reflectancein the areaof the blue dotsis

viable signalfor storm intensification associatedwith the ash plume while
(above)becauseof a broad spectrum higher reflectance in other areas with

of total ener er flash However, orangedots is associatedwith p D-V i H
45 -0 5 0 gy p convectiveclouds (b) GLM (circles) and

East Distance From ARMOR (km) : : = 16:’ 80 . - i when one normalizes the ENTLN (diamonds) data by time
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o e Stnt G accumulatedenergyby the GLMflash An extreme bolt from the blue event on 20 August2019 near St Louis Large displayedover Esri world imageryduring
rate, a more distinct relationship can lightning flashes propagated from a convective region of a decaying MCS the 3 June2018\olcande Fuegoeruption
Schultz et al. 2017: be gleaned and directly related to rearward into an upper level stratiform region Several +CG flashes were Thedashededlineis anapproximatiorof

observed10s of km outside of surfaceprecipitation The GLMflash areaand the ash plume using MODIS true color

https://journals.ametsoc.org/doi/full/10.1175/WAB-150175.1 other observed metrics fro intensity : : o : : - imagery at ~19.00 UTC. A Copernicus
energyinformation providedinformation on the propagationpath and location EMS map and vector datawas used to

(e.g, right, MESHshownhere). | of the largest observed total optical energy Slight offsets were observed obtain PDC extent, ashfall and populated
Schuiltz et al. 2020, JGR, in prep. between GLMandthe NLDNwhichis due to parallax areas
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